In this paper we show how effective parameters such as effective binding energies can be defined for a proton in the combined nuclearCoulomb potential, including also the target potential, in the case in which the proton is bound in a nucleus which is partner of a nuclear reaction. Using such effective parameters the proton behaves similarly to a neutron. In this way some unexpected results obtained from dynamical calculations for reactions initiated by very weakly bound proton halo nuclei can be interpreted. Namely the fact that stripping dominates the nuclear breakup cross section which in turn dominates over the Coulomb breakup even when the target is heavy at medium to high incident energies.
exibit extreme properties like very large total and breakup cross sections. Nuclear and Coulomb breakup of neutron halo nuclei have been studied in great detail both experimentally as well as theoretically and are now quite well understood processes [1] . On the other hand proton halo nuclei such as 8 B and 17 F are still under investigation and their behavior as projectiles of nuclear reactions needs to be understood better in particular as 8 B is partner in (p,γ) radiative capture reactions of great astrophysical interest for the understanding of the neutrino flux from the sun (see for example the discussion and references of [2] ). For those nuclei Coulomb breakup reactions in the laboratory have been used to get indirect information on the radiative capture, since it has been shown that the Coulomb breakup cross section is proportional to the radiative capture cross section [3] .
In the case of neutrons the Coulomb breakup cross section is largest for heavy targets and the interplay with nuclear breakup is well understood both experimentally as well as theoretically, in particular thanks to the measurements of angular distributions for both processes [4, 5, 6, 7] . Then 208 Pb and 58 Ni have been used as targets with beams of 8 B or of 17 F at various energies [2] [8]- [12] . Data on lighter targets such as 9 Be and 28 Si [13, 14] also exist. At the same time a number of theoretical papers have appeared dealing with the problem of the accuracy necessary to interpret the data [15, 16, 17] .
In particular the problems of higher order effects in Coulomb breakup, of the inclusion of E0, E1, and E2 multipolarities in the Coulomb field and of the relative magnitude of nuclear and Coulomb contributions and of their interference have been discussed at length.
A number of experimental papers and some of the corresponding theoretical interpretations have shown that it is the nuclear breakup and in particular the stripping (or absorption) component that dominates the experimental cross section. Very recently a new work has appeared where the authors treat the nuclear breakup of 17 F to first order [18] , contrary to what it has been established in the literature, namely that halo breakup should be treated to all orders of the neutron-target interaction. An a posteriori justification of the approach of Bertulani and Danielewicz [18] is that the calculated nuclear breakup is larger by several orders of magnitude than the Coulomb breakup, thus suggesting that Coulomb breakup experiments are perhaps not the best tool for studying the characteristics of proton halo nuclei in particular at high energies. In fact the approach of [18] can be justified with the results of the work of Esbensen and Bertsch [16] on the proton halo nucleus 8 B, where it was shown that starting from about 40 A.MeV in the reaction 8 B + 208 Pb, dynamical calculations and first order perturbation theory with or without far field approximation, yields nearly the same Coulomb breakup cross sections for distances of closest approach for the core target trajectory of 20 fm or larger. Also in [15] the same authors found that for 17 F nuclear diffraction and Coulomb breakup have very similar probabilities to occur and the values are also close to those for nuclear stripping. We remind the reader that the current discussion on the importance of nuclear breakup as compared to Coulomb breakup for a proton halo was somehow started by the findings of Dasso, Lenzi and Vitturi [19] who claimed that their calculations gave a large nuclear contribution comparable to the Coulomb breakup in reactions initiated by 8 B. In order to get some insight into the peculiarities of the proton halo reactions, in particular in comparison to neutron halos, we introduce here an effective treatment of proton single particle states which simplifies their treatment and makes them behaving as neutrons. Related approaches have recently been introduced by other authors [20] . We do not propose our method as an alternative way to calculating proton breakup as opposed to dynamical calculations, but we are simply concerned with the understanding of the underlying physics and the interpretation of numerical results.
We show in the following how to treat proton transfer and breakup in a way that is similar to neutron transfer and breakup by using an effective potential in which the weakly bound protons behave as "normally" bound neutrons and then we come to some simple conclusions. The basic idea is that breakup is a kind of "transfer to the continuum" and as such its main features come from matching conditions and Q-value effects [21] .
Proton vs. neutron: effective potential
We begin this section by discussing 1) is like a neutron wave function with binding energy ε i − Z P e 2 /R i up to the radius R i . The proton potential is like the neutron potential pushed up by Z P e 2 /R i where R i is the barrier radius. For any given nucleus this radius is rather larger than the nuclear or Coulomb radius values usually quoted in the literature. But from Fig. (1) one can see that it is the value corresponding to the barrier peak. We give these values in Table 1 , together with the experimental binding energies of the halo state in 8 B and of two states in 17 F . Table 1 : Barrier radii from Fig. (1) and initial binding energies. 
In a scattering process there is also an effect due to the Coulomb potential of the projectile. It can be understood by looking at Fig. (2) which shows the nuclear-Coulomb potentials for 8 B + 58 Ni (top) and 17 F + 208 Pb (bottom) at several distances. Short and long dashed lines are the separate projectile and target potentials respectively. Full line is the projectile-target combined potential. The effect of the target potential on the projectile potential is actually twofold:
• the center of the projectile potential shifts up by an amount Z T e 2 /R where R = R i + R f is the sum of the barrier radii of projectile and target.
• the height of the barrier on the side near the target goes up by an amount Z T e 2 /R f + Z P e 2 /R i relative to the center. The same happens to the target.
This suggests that the true binding energies ε i and ε f could be replaced by Then we conclude that some features of proton transfer and breakup could be understood by analogy with neutron transfer by using effective parameters in the following way:
• when calculating the Q-value one should use effective energies according to Eq.
(1) such that
• use effectiveγ i andγ f calculated from
• calculate the normalization constantsC i andC f of asymptotic wave functions [22] as for neutron wave functions with binding energiesε i andε f .
The approach here corresponds to an adiabatic approximation for the effect of the Coulomb force of one nucleus on the other and it was introduced for the first time in Ref. [23] where it was also shown that it is equivalent to the sudden approximation which was instead discussed in Ref. [24] . We used it already in [25] to discuss the proton transfer to the continuum reaction 197 Au( 20 Ne, 19 Fl) 198 Hg [26] . In the case of final continuum states ε f > 0. Using Eq.(1b) for the effective energy means that states with ε f < ∆ f where ∆ f is an effective shift defined by
will behave as bound states in an effective potential which is deeper than the real proton potential by a ∆ f . In the reactions we are discussing the initial states are always bound. According to Eq.(1a) they will be shifted down by a ∆ i equal to
Therefore the calculation of proton stripping to the continuum could be done as that for neutrons but divided into two parts. For final energies below the top of the combined projectile-target barrier a transfer to the continuum method should be used but no three body free background should be included. This means there would be no contributions to diffraction, corresponding experimentally to no proton detected in coincidence with the core. The allowed final states in the target should be the known single particle resonances, which should be given the correct width throught an appropriate nucleon-target optical potential. For very low beam energies (of the order of few MeV) the best energy matching conditionε f =ε i + 1 2 mv 2 suggests that this process would give a quite large part of the cross section. is the beam energy per particle at the distance of closest approach for the projectile-target scattering.
For final energies larger than the top of the barrier the usual treatment of breakup should be valid. From Fig. (2) one sees clearly that the effect of the barrier is very important even at distances as large as 30 fm. In order to quantize the effects discussed above we give in Table 1 the barrier radii, called R i and R f , for two nuclei usually used as projectiles 8 B, 17 F, and for 58 Ni, 208 Pb, which have been used as targets. We give also the effective energy shift ∆ i and ∆ f , the effective binding energies for the possible projectile-target combinations studied in this paper. For completness we add the effective length parametersγ i and asymptotic normalization constantsC i of the initial asymptotic wave functions. It is indeed the tail of the wave function which determines the main characteristics of the breakup mechanism ( [27] and references therein ).
To illustrate the last point in Fig.(3) we give by the dashed lines the proton single particle wave functions corresponding to the three initial states of Table 1 , calculated in a Woods-Saxon plus spin-orbit [27] plus Coulomb potential with parameters: r 0 = 1.27f m a = 0.65f m V so = 7MeV r c = 1.3f m. The Woods-Saxon depth is fitted to give the correct binding energy. By the solid line we give the neutron wave functions calculated with the effective binding energies. One sees clearly that in each case the true proton wave function is very close to the "effective energy" neutron wave function from the distances R = R i + R f at which both nuclear and Coulomb breakup are most sensitive. We remind the reader that at small distances the breakup is strongly reduced due to the core-target absorption into more complicated reaction channels.
From the values shown one clearly sees that the proton halo behaves in Table  2 .
a breakup reaction with a heavy target as a neutron state bound with a "normal" energy of several MeV, for which it is very well known that the nuclear breakup is dominant with respect to the Coulomb breakup and on the other hand that the stripping is also dominant on the diffraction. To give an idea of the orders of magnitude involved, we have calculated total breakup cross sections for two reactions:
11 Be → 10 Be + n and 17 F(1/2 + ) → 16 O + p, both at 40 A.MeV on a 208 Pb target. Nuclear and Coulomb breakup of 11 Be have been studied in many experiments on heavy targets and absolute breakup cross sections are very well known [4, 5] . For Coulomb breakup we used first order perturbation theory and for nuclear breakup we used the transfer to the continuum model [21, 25] . Our aim here is only to give some order of magnitude estimates. For the breakup of 17 F we used a neutron wave function and the "effective parameters" of Table 2 . The values obtained are given in Table 3 . One sees that for the proton "halo" state in 17 F there is a reduction of a factor about 50 while for the nuclear breakup, stripping and diffraction respectively the reduction is of factors around 6 and 18. Our values seem to be consistent with the breakup probabilities given in [15] from which we have estimated Coulomb and diffraction breakup of the order of 20-30mb each and stripping of the order of 30-40mb. The reduction is stronger for Coulomb breakup and diffraction because both require the neutron to be in a final free particle state, which is obviously less probable the stronger the "effective binding" of the nucleon in the initial state. It appears also clear that under such conditions Coulomb and nuclear breakup could not need to be calculated to all orders. However both should be included in a coherent way [7, 15] . Also the effect of the "effective parameters" introduced here has to be studied in more detail and results should be compared to full dynamical calculations. This is because our adiabatic approximation while reasonable for the estimate of nuclear effects which are due to a short range potential, would probably need to be corrected for the Coulomb induced breakup. The Coulomb potential is long range and as seen from Fig. (2) it could be possible that the "effective parameters" should be calculated as a function of the distance of the potential centers. Detailed calculations of all such effects are in progress.
On the other hand the proton-target Coulomb potential has not been considered in this discussion and it would be interesting to understand if and how it changes the pattern discussed above.
Conclusions
In this letter we have tried to draw the attention of the "halo community" to the physical origin of the differences in the behavior in a reaction of a proton halo nucleus as compared to a neutron halo. We have shown that if the target is heavy there is an effective barrier which makes the proton "effectively" bound by several MeV, so that some typical halo features might be lost in breakup reactions. In particular nuclear breakup and its stripping component would be larger than Coulomb breakup. Also first order calculations are not completely unjustified. Therefore approaches of the type used in [18, 19] althought not very accurate would give reasonable order of magnitude predictions for weakly bound protons but not for neutrons.
Under such conditions one wonders whether Coulomb breakup on a heavy target could be considered the best reaction to simulate the (p,γ ) reactions of astrophysical interest unless exclusive measurements would be done. Light targets could be better suited or other types of reactions altogether. Measuring proton angular distributions as done in [4] for neutron would help disentangling the dominant reaction mechanism, but also separating the large core-target impact parameter contributions as done in [2, 5] would be very useful. More detailed proposals and estimates will be given in a separate work.
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